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Abstract 
In ship industries, the welding of aluminium and steel is an important task to perform, however it is impossible to 
directly weld aluminium to steel by conventional fusion welding processes. To overcome this difficulty, the Fe/Al 
explosion-welded structural transition joints (aluminium 5083: aluminium 1050: steel St.52-3N) is used as 
intermediate strip to join aluminium and steel together. In this study, the thermal sensitizing temperature of 300 oC is 
used to study the changes of intermetallic phases in Fe/Al structural transition strip.  The techniques used for this 
study are: scanning electron microscopy equipped with energy dispersive spectroscopy (SEM/EDS), optical 
microscopy (OM), and Ima  to quantify the amount of 
intermetallic phase present in the specimen.  According to the obtained results, the amount of intermetallic phase 
precipitation ( ) in the aluminium 5083 layer has significantly increased after thermal sensitizing at 300 oC for both 5 
and 15 minute of heat treatment. 
 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of COE of Sustainable Energy System, Rajamangala 
University of Technology Thanyaburi(RMUTT) 
Keywords: Thermal treatment; Intermetallic phase; Explosion welding; Fe/Al structural transition joints 
 
1. Introduction 
In the past, shipbuilding industries usually used a steel hul
to its excellent mechanical properties and low cost production.  However, to build larger ships such as 
cargo ships, marine ships, high speed ships, etc., the selection of a solely steel hull unavoidably results in 
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the tremendous weight of ships, which eventually costs the owner a lot of fuel consumption.  To 
overcome the high fuel expense, the steel/aluminium structural transition joints (Fe/Al STJs) is introduced 
in shipbuilding industries due to its light weight (its density about 3 times lower than steel) and its 
mechanical properties more or less the same as steel.  The Fe/Al STJs is composed of three layered 
metals: steel St.52-3N as base metal, aluminium alloy 1050A as intermediate metal, and aluminium alloy 
5083 as upper metal, and made by explosion welding process in either open air or vacuum [1].  
Aluminium alloy 1050A is used as the intermediate metal due to its capability to weld to steel easier than 
aluminium 5083. Recently, Fe/Al STJs gains popularity in shipbuilding industries due to its capability to 
weld an aluminium superstructure to a steel hull [1]. 
Under an inappropriate thermal exposure, aluminium alloys are able to form intermetallic phase, which 
is usually hard, brittle, and susceptible to be reduced with its surrounded aluminium [2-8].  Reportedly, 
different intermetallic phases such as Al3Mg2 and Mg2Si could be found in aluminium alloys, depending 
on alloying elements or series of aluminium [4-8].  Inappropriate welding such as imposing severe 
thermal cycles in laser welding and poor welding techniques could eventually result in intermetallic 
 at the interface of steel and aluminium in the Fe/Al STJs [8-11].  Nevertheless, it might 
be useful to see how the thermal treatment affects the amount of intermetallic phase (if any) in each layer 
of Fe/Al STJs. 
Thus, in this study, the effect of the thermal sensitizing temperature of 300 oC on the amount of 
intermetallic phases in each layer of Fe/Al STJs is presented.  
2. Experimental  
The Fe/Al STJs samples as shown in Fig. 1 are prepared.  The chemical compositions of each layer are 
shown in Table 1 and 2.  Prior to thermal sensitizing in an oven, the samples are polished with 180, 240, 
400, 600, 1000, 1200, and 1500 grit polishing paper to remove unwanted products,  rinsed with pure 
water, and cleaned by ultrasonication to remove unwanted particles.  To obtain a smooth clean surface, 
micro-polished alumina powder (1.0 m and 0.5 m, respectively) was later used to polish.  Finally, the 
sample was cleaned in an ultrasonic water bath to remove any polishing particles on the surface.  
 
aluminium 5083
aluminium 1050A
steel St.52-3N
 
Fig. 1. Fe/Al STJs Used in the Study 
 
 
 Table 1. Chemical compositions in St. 52-3N layer 
 
steel 
type C Mn P S Si
St.52-3N 0.20% 1.6% 0.035% 0.035% 0.55%
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Table 2. Chemical compositions in aluminium 1050A and 5083 
 
aluminium
type Si Fe Cu Mn Mg Cr Zn Ti
1050A 0.25% 0.40% 0.05% 0.05% 0.05% - 0.07% 0.05%
5083 0.40% 0.40% 0.10% 0.40-1.0% 4.0-4.9% 0.05-0.25% 0.25% 0.15%
 
 
The prepared samples are then subjects for sensitized conditions: 300oC for 5 minutes and 300oC for 15 
minutes.  After that, the sensitized samples and non-sensitized sample are analyzed by the following 
techniques: X-ray Diffraction (XRD: Philips Pert PW3040/00), Scanning Electron 
Microscope/Energy Dispersive X-Ray Spectrometer (SEM/EDS: Philips XL 30 series), Optical 
Microscope (OM: Nikon ECLIPSE ME 600), and Image Analyzer (Image-Pro® Plus Version 4.0 Media 
Cybernatics). 
3. Results and discussion 
Optical micrographs of each layer of Fe/Al STJs are shown in Fig. 2 to Fig. 4.  According to Fig. 2, the 
microstructures of steel St.52-3N subject to non-sensitizing, sensitizing at 300oC for 5 minutes, and 
sensitizing at 300oC for 15 minutes are nearly the same.  In all specimens from different experimental 
conditions, both pearlites and ferrites remained observed. 
According to Fig. 3, the optical micrographs of aluminium 1050A subject to non-sensitizing, 
sensitizing at 300oC for 5 minutes, and sensitizing at 300oC for 15 minutes are not significantly different 
from that of steel St.52-3N. 
However, the sensitizing temperature of 300oC at the duration time of 5 and 15 minutes significantly 
affect the microstructures of aluminium 5083 as shown in Fig. 4. The microstructure of non-sensitized 
specimen is significantly different from that of sensitized specimens at a temperature of 300oC for 5 
minutes and 15 minutes.  The non-etched region (represented by the bright areas) is likely to be the 
intermetallic phase formation due to the thermal treatment.   
Fig. 5 reveals a relative amount of intermetallic phase found in s surface under non-sensitized 
conditions, sensitized conditions at 300oC for 5 minutes, and sensitized conditions at 300oC for 15 
minutes using SEM (backscattered electron mode).  The order of intermetallic phase quantities from low 
to high is non-sensitizing, sensitizing at 300oC for 5 minutes, and sensitizing at 300oC for 15 minutes, 
respectively.  
As depicted in Fig. 6, the intermetallic phas tly the compound of Al and Mg, yet 
it is not clear about the exact alloy composition of Al and Mg.  However, researchers report that 
aluminium 5XXX series are susceptible to form Al2Mg3 compound ( ) under constant thermal and 
cyclical thermal exposures [5-7]. 
The amount of the intermetallic phase ( ) formation for different studied conditions is quantified using 
Image Analysis of optical micrograph as shown in Fig. 7.  Fig. 7 shows that the percentage of area 
fraction of intermetallic phases ( ) from thermal sensitized conditions is relatively larger than that of the 
specimen under non-sensitized conditions.  
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Fig. 2. Optical micrographs of steel St.52-3N etched with 2 % by volume of nitric acid: a) non-sensitized conditions, b) sensitized 
conditions at 300oC for 5 minutes, and c) sensitized conditions at 300oC for 15 minutes
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Fig. 3. Optical micrographs of aluminium 1050A etched with 2 % by mass of sodium hydroxide: a)  non-sensitized conditions, b) 
sensitized conditions at 300oC for 5 minutes, and c) sensitized conditions at 300oC for 15 minutes 
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Fig. 4. Optical micrographs of aluminium 5083 e reagent: a) non-sensitized conditions, b) sensitized conditions at 
300oC for 5 minutes, and c) sensitized conditions at 300oC for 15 minutes 
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Fig. 5. Topographical SEM images (backscattered electron mode) of a s surface: a) non-sensitized conditions, b)
sensitized conditions at 300oC for 5 minutes, and c) sensitized conditions at 300oC for 15 minutes
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Fig. 6. Chemical composition of intermetallic phase ( ) found in  under the sensitized conditions at  300oC 
for 15 minutes using SEM-EDS 
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Fig. 7. Percentage of area fraction of intermetallic phases ( ) found in  the specimen under non-sensitized, 
sensitized conditions at 300oC for 5 minutes, and at 300oC for 15 minutes, respectively using Image Analyzer 
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4. Conclusion 
In summary, the study demonstrated the effect of sensitized conditions (sensitizing temperature of 
300oC and sensitizing time of 5 and 15 minutes) on the amount of intermetallic phase.  The findings are 
as follows.  First, the amount of intermetallic phases found in aluminium 5083 has significantly increased 
after sensitizing the Fe/Al STJs at the studied sensitized conditions, however the sensitized conditions do 
not significantly affect the amount of intermetallic phases in aluminium 1050A and steel St.52-3N. 
Finally, the intermetallic compound found in the aluminium 5083 is most likely the alloys of Al and Mg. 
According to previous studies and EDS results, the intermetallic is 
Al2Mg3 ( phase). 
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